Plant-soil feedback has been extensively studied in both agricultural and natural systems, 44 with increased activity in recent years, but a framework for integrating the concepts and 45 principles developed in these systems is lacking. 46
•
Interactions between soil biota and plant leaf and root traits has become an important tool 47 in understanding PSF in wild plants, but this understanding has not yet been utilized in 48 agricultural crop rotations. 49 4 ten years and the opportunity is ripe to integrate knowledge across these systems for improved 73 food provision and ecosystem outcomes [6, 7] . 74
Wild and cultivated plant species both influence root-associated organisms, such as soil-75 borne pathogens, beneficial symbionts, and saprotrophs that break down plant litter. These 76 organisms can, in turn, affect plant performance either negatively or positively. The sum of 77 these negative and positive interactions determines the sign and strength of PSF. While PSF 78 has been widely studied across agricultural and natural settings, research has evolved in 79 markedly different directions depending on the focal system (Box 1, see also Online 80 Supplementary Material Table S1 ). Few attempts have been made to formally integrate recent 81 developments in PSF research in agricultural and natural systems. Here, we present a 82 conceptual framework to fill this gap, with the aim of better predicting PSF and solve important 83 challenges facing agriculture and biodiversity ( Figure 1 ). We propose that conceptual and 84 theoretical advances from research in diverse and complex natural systems can be used for the 85 development of more sustainable agricultural practices. We also propose that lessons from 86 simplified agricultural systems can be used to guide our understanding of PSF mechanisms in 87 natural ecosystems. We also highlight how our framework can help move toward an 88 ecologically sustainable and 'climate-smart' future, and propose new avenues for future 89 research and discovery. 90 91 Bridging the Gap 92 Agricultural and natural systems vary substantially in terms of aboveground diversity, plant 93 functional traits and soil biota ( Figure 1 ). Plant domestication in agriculture selects the most 94 productive species with resource-acquisitive traits. However, in natural systems plant species 95 encompass the whole trait economics spectrum, including resource-conservative species [8] . 96
That said, in both systems plant functional traits influence the effects of plants on soil 97 5 organisms [3, 9] , and the functional traits of soil organisms (within and across taxonomic 98 groups), and their abundance, influence the direction and strength of feedback in plants [10, 11] . 99
Consistencies between the effects of plant and soil organism traits provide the basis for our 100 framework towards bridging PSF knowledge from agricultural and natural systems. 101
The conceptual approach to researching plant-soil interactions recently shifted from plant 102 strategy frameworks [12] to more quantitative approaches using specific plant functional traits 103 and soil food web characteristics directly linked to ecosystem functions [3, 9, [13] [14] [15] [16] [17] . These 104 targeted approaches are useful in PSF research, particularly when applied to plant root and 105 litter traits. For example, it was recently found that, across a large number of grassland species, 106 plants with high specific root length and low levels of mycorrhizal colonization have more 107 negative PSF than species with opposing traits [18] . Litter traits (e.g., C:N ratio) also influence 108 rates of decomposition and nutrient release with feedback effects on plant growth [19, 20] . Crop 109 species that have been selected for growth rather than defense, or have lost associations with 110 belowground mutualists because of the use of synthetic fertilizers, may in turn possess leaf and 111 root traits that make them more prone to the build-up of negative PSF than their wild relatives 112 ( Figure 1 ). Identification and quantification of functional links between plant traits and PSF, 113 and moving beyond metrics of evolutionary history and soil nutrient status [21, 22] , offer a 114 promising means for evaluating the magnitude and direction of PSF ( Figure 1 ). 115
It is well known that the build-up of species-specific soil pathogens and root herbivores 116 reduces crop production in agricultural systems ( Figure 1 approaches to rotation planning to maximize positive PSF effects ( Figure 1 ). Accumulating 144 datasets of interspecific PSF can be used to predict how sets of plant traits for specific 145 genotypes and soils can condition the soil community to induce positive interspecific PSF 146 ( Figure 1 ). This could be tested with crop species and used to design efficient crop rotation and 7 intercropping systems ( Figure 2 ), by promoting positive interspecific PSF temporally (i.e., 148 positive soil legacy for successive crop) and spatially (i.e., increasing productivity through 149 belowground facilitation). One of the emerging patterns shown in natural systems is that 150 grasses induce positive effects on broad-leaved plants through PSF [28, 29] . This provides a 151 basis for targeted testing of the benefits of rotating grain crops with broad-leaved crops in 152 agriculture, the duration of such legacy effects, and for building a more in depth understanding 153 of the soil organisms involved. Minimizing losses of crops to pests and diseases is a key challenge in agriculture. Application 170 of pesticides is commonplace, but is not always effective, and is a major public health concern. 171 In natural ecosystems, wild plants are dependent on the activity and function of their Similar to agricultural systems, PSF studies in natural systems have just begun exploring more 254 systematic approaches for identifying potential growth-promoting and growth-suppressing soil 255 organisms that might be used in ecosystem restoration. In many cases PSF will be driven by 256 complex soil communities, which will be more difficult to describe. However, from a plant-257 management perspective, it is only important that culturable pathogens or symbionts with will be required before initiating ecosystem engineering and this risk assessment will likely 365 benefit from bridging knowledge from both systems. 366
By looking 'over the fence' we see large potential for joining concepts and methodology 367 across these disparate fields for future research (Box 3). Building a common understanding of 368 the organism traits that mediate how PSF drives resource-use efficiency and resistance to soil 369 diseases and climatic extremes (Box 2) is an important next step. Furthermore, developments 370 
